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577 - ABSTRACT

By dividing the split gate electrode into four sections, in
which two non-adjacent sections are solely clock sec-
tions and the other two sections are “plus” and “minus”
sections, respectively, and in which the sum of the
lengths of the first two sections, in sertal order, is sub-
stantially equal to the sum of the last two sections, in
serial order, only a single mask must be changed, in the
fabrication of transversal filters that exhibit a small
common mode, in order to change the particular filter
characteristic of a fabricated filter. |

8 Claims, 7 Drawing Figures '
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1

CCD TRIPLE-SPLIT GATE ELECT RODE
TRANSVERSAL FILTER

This mventmn relates to a charge coupled dewce
(CCD) split gate electrode transversal filter and, more
particularly, to one having improved architecture.

Reference is made to the article “Double- Spllt-Elec-
trode Transversal Filter For Telecommunication Ap-
plicants,” by Ibrahim, Hupe and Foxall, appearing in
the IEEE Journal of Solid-State Circuits, Vol. SC-14,
No. 1, February, 1979. The advantage over previous
CCD split gate electrode filters of the technique de-
scribed in this article is that the common-mode signal is
reduced and minimized. This reduces the requirements
on the sense amplifiers. However, the disadvantage of
the architecture of the filter described in this article 1s
that its fabrication requires a different set of three masks
for each different filter design. |

The architecture of the CCD split-gate-electrode
transversal filter of the present invention retains all the
advantages of the double-split-electrode transversal
filter described in the aforesaid article. In addition,

however, the architecture employed by the filter of the
present invention has the further advantage of requiring
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a change in only a single mask for the fabrication of

each filter design having different filter characteristics.

More specifically, both the CCD split gate electrode
transversal filter described in the aforesaid article and
the CCD split gate electrode transversal filter of the
present invention are operated by multi-phase clock

voltages, and both filters are of the type comprised of a
semiconductor substrate surface on which pair of sub-

stantially equidistant potential barriers defines a CCD
channel of a given width. Gate electrodes of the filter
extend the given width between the potential barriers,
with the gate electrodes being arranged in respective
sets corresponding to each of the multi-phase clock
voltages. Respective members of each set are distrib-
uted along the length of the channel in interleaved rela-
tionship with respective members of the other sets.
Certain members of a certain one of these sets are each
split into a plurality of separate sections arranged in
serial order across the given width of the channel. A
“plus” summing bus electrically connects together first
corresponding sections of the members of this certain
one of the sets, and a “minus” summing bus electrically
connects together second corresponding sections of the
certain members of this certain one of the sets. How-
ever, in accordance with the improved architecture of
the CCD split gate electrode transversal filter of the
present invention, the filter includes at least one triple-
split gate electrode comprised of four serially oriented
longitudinal sections. The sum of the lengths of the first
two sections in serial order is substantially equal to the
sum of the lengths of the last two sections 1n serial or-
der. Further, first means are provided for operating two
non-adjacent ones the four sections as solely clock sec-
tions and second means are providing for operating the
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FIG. 2 illustrates a first embodiment of the present
invention;

FIG. 2 illustrates the shape of a potential well
formed by a transversal filter having the architecture
shown in FIG. 2;

FIG. 3 illustrates a second embodiment of the present
invention; and

FIG. 3a illustrates a potential well of a transversal
filter having the architecture shown in FIG. 3.

Referring to FIGS. 1 and 14, there is shown prior art
architecture for a transversal filter of the type described
in the aforesaid article. More specifically, semiconduc-
tor surface 100 of given conductivity, such as P silicon,
includes a channel of given width defined by the edges
of a pair of substantially equidistant potential barriers
comprised of thick oxide regions 102 and 104 which

operate as channel stops. Extending the given width of
- the channel between channel stops 102 and 104 is a first

set of double-split gate electrodes 106. As clearly shown
in FIG. 1a, each of double-split gate electrodes 106
includes a “plus” (+) section extending from channel
stop region 102 to thick-oxide region 108 operating as a
channel stop island, a clock (CL) section extending
from channel stop island 108 to thick oxide region 110
also operating as a channel stop island and a “minus”

(—) section extending from channel stop island 110 to
channel stop region 104. All the sections of all the dou-
ble-split gate electrodes 106 shown in FIG. 1 may be
comprised of polysilicon, with the splits themselves
being formed by those portions of channel stop islands
108 and 110 which do not underlie these sections of
polysilicon gate electrode 106. All three of the center
sections (CL) of all the first set of gate electrodes 106

 have ¢ phase clock voltages applied thereto. In addi-
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other two of the four seetmns, respectively, as a “plus” 60

section and as a “‘minus” section ef the filter.

In the drawings:

FIGS. 1 and 1ag diagrammatically 1llustrate the archi-
tecture of the double-split electrode transversal filter of
the aforesaid article.

FIG. 1b illustrates the shape of a potential well
formed by a transversal filter having the type of archi-
tecture shown in FIGS. 1 and 1¢;

65

tion, the “plus” sections of all the first set of gate elec-
trodes 106 are applied in common through “plus” sum-
ming bus 112 as an input to sensing circuit 114. All of
the “minus” sections of all of the first set of gate elec-
trodes 106 are connected in common through “minus”
summing bus 116 as an input to sensing circuit 118.
Differential circuit 120 produces an output from the
transversal filter which is equal to the difference in the
respective outputs from sensing circuits 114 and 118.
Interleaved between each pair of first set double-split
gate electrodes 106 is a second set of non-split gate
electrodes 122, shown in FIG. 1. ¢, phase clock volt-
ages are applied to all of second set gate electrodes 122.
The arrangement shown in FIG. 1 and FIG. 1¢ com-
prises a two-phase clock voltage CCD arrangement.
Multiple-phase clock voltage CCD arrangements that
employ more than two phases, are known in the CCD
art. In such case, the gate electrodes are arranged in
respective sets corresponding to each of the multi-phase
clock voltages, with the respective members of each set
being distributed along the length of the channel in
interleaved relationship with respective members of the
other sets. In this latter case, a plurality of non-split gate
electrodes, similar to gate electrode 122, of all sets but
the first set would be situated between each pair of first
set split-gate electrodes, with a different phase clock
voltage being applied to each one of these plurality of
intervening non-split gate electrodes. For illustrative
purposes, in describing the present invention, the two-

‘phase clock voltage CCD arrangement is assumed.

However, it should be understood that the invention 1s
applicable to multiple phase clock voltage CCD ar-
rangement that employ more than two phases of clock

voltage.
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Referring to the embodiment of the present invention
shown 1n FIG. 2, substrate surface 200, channel stop
regions 202 and 204 and second set non-split gate elec-
trode 222, having ¢, phase clock voltage applied
thereto, are respectively substantially identical in struc-
ture and function to substratie surface 100, gate elec-

trode regions 102 and 104 and second-set non-split gate
electrode 122 of FIGS. 1 and 1a. However, the struc-
ture of each first-set split gate electrode 2086, in FIG. 2,

is substantially different from the structure of each first-
set split gate electrode 106, in FIGS. 1 and 1a. First,
cach split gate electrode 206 is a triple-split gate elec-
trode formed of four sections, rather than a double-split
gate electrode formed of three sections. Specifically,
the four sections comprise a first CL section 208, a
“plus” section, a “minus” section and a second CL
section 210, extending in that order the width of the
channel defined by the edges of channel stop region 202
and channel stop region 204. In accordance with the
principles of the present invention, the sum of the re-
spective lengths of the first CL section 208 and the
“plus” section of all the first-set split gate electrodes 206
lie on one side of the mid-line of the channel and are
substantially equal in length to the sum of the lengths of
second CL section 210 and “minus” section of all the
first-set gate electrodes 206, which lie on the other side
of the mid-line of the channel. Therefore, the sum of the
lengths of the sections of split gate electrode 206 lying
on one side of the mid-line of the channel and the sum
of the lengths of the sections of each split gate electrode
206 lying on the other side of the mid-line of the channel
are substantially the same for all first-set split gate elec-
trodes 206 of the filter, and, hence, are independent of
the particular design characteristics of the filter. How-
~ ever, the relative lengths of first CL section 208 and the
“plus” section and the relative lengths of the second CL
section 210 and the “minus” section do vary from one
split gate electrode 206 to another in dependence on the
particular design characteristics of the filter. As shown
in FIG. 2, ¢ phase clock voltages are applied to all four
sections of all first-set split gate electrodes 206. How-
ever, as known in the CCD transversal filter art, the
“plus” and the “minus” sections of a split gate electrode
filter may be left floating during charge-transfer. In this
latter case, ¢ phase clock voltages would be applied to
only the first and second CL sections 208 and 210 of all
the first-set split gate electrodes 206.

Another structural difference between the split gate
transversal filter shown in FIG. 2 and that shown in
FI1GS. 1 and 14q, 1s the presence in each of the three-split
regions between the four sections of each first-set gate
electrode 206 of relatively high doping with implants of
a conductivity opposite to that of substrate surface 200.
Thus, assuming, in FIG. 2, substrate surface 200 to be
comprised of P silicon, each of the split regions are
comprised of N+ implants, as indicated by the legend
"XXXX” in the drawings.

There are many benefits to be derived from employ-
ing the structure of FIG. 2 for a split gate electrode
transversal filter, rather than that shown in FIGS. 1 and
1a. First, the respective positions of the channel stop
1slands 10, the polysilicon sections of first-section split
gate electrodes 106 and the metallic electrical contacts
on the centrally located CL section of each polysilicon
split gate electrode 106 vary from one-split gate elec-
trode 106 to another in dependence on the particular
design characteristics of each different filter to be fabri-
cated. However, as 1s known in the solid-state device
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fabrication art, a different mask is required to define the
respective positions on a chip of (1) channel stops, (2)
polysilicon sections of gate electrodes and (3) metallic
electrical contacts on the polysilicon sections. There-
fore, the fabricated split gate electrode transversal filter
employing the structure shown in FIGS. 1 and 1z re-
quires that three of the masks in the mask set be changed
or moditfied for each and every different particular de-
sign characteristics split-gate electrode transversal filter
to be fabricated.

In FIG. 2, the respective positions of all the channel
stops (regions 202 and 204) and the metallic electrical
contacts on the polysilicon sections (including contacts
224 to first and second CL sections 208 and 210) are
independent of the particular design characteristics of
the split-gate electrode transversal filter to be fabri-
cated. Only the respective positions of the polysilicon
sections of the gate electrodes and the N+ implants
vary, in the structure shown in FIG. 2, with each differ-
ent particular design characteristics of the split gate
electrode transversal filter to be fabricated. In FIG. 2,
only a single mask must be modified, defining the posi-
tions of the sections of each one of the first-set polysili-
con gate electrodes 206 of the filter, for each different
particular design characteristics of the transversal filter
to be fabricated. The respective positions for inserting
the N+ implants, in FIG. 2, (i.e., the position of the
splits between the section of the polysilicon gate elec-
trode 206) are self-aligned by the earlier laying down of
the polysilicon gate electrodes in accordance with the
single different mask. Thus, there is a saving of two
masks for each and every different particular design
characteristics transversal filter fabricated in accor-
dance with the structure of FIG. 2, rather than in accor-
dance with the structure of FIGS. 1 and 1a.

There are additional benefits to be gained by employ-

ing the structure of FIG. 2, rather than that of FIGS. 1
and 1a. The useful charge of a CCD split gate electrode
transversal filter 1s that stored respectively in the poten-
tial well under a “plus™ section and in the potential well
under “minus” section of a split gate electrode. In the
structure shown in FIGS. 1 and 1¢, both ends of both
the “plus” and the “minus” sections of split gate elec-
trodes 106 overlap either channel stop regions 102 or
104 or channel stop 1slands 110. As indicated in FIG. 15,
the width of a “plus” or “minus” potential well extends
from an edge of a channel stop region 102 or 104 to an
edge of a channel stop island 110. However, as also
indicated in FIG. 15, both ends of such a potential well
are not well defined, but slope relatively gradually
downward. This poor definition is due to the presence
of a channel stop at the boundaries of the potential well.
By contrast, in the structure of FIG. 2, the ends of a
“plus” or “minus” potential well are, in effect, ex-
tremely sharp (which is desirable), as indicated in FIG.
2a. The reason for this is that, in the structure of FIG. 2,
a “‘plus” or “minus” potential well is bounded by the
edge of an N+ implant, rather than by the edge of a
channel stop. An N+ implant does not act as a channel
stop, but rather forms a PN junction with the underly-
ing substrate that assumes a potential level substantially
equal to that produced by the charge packets partially
filling the potential well underlying the split gate elec-
trodes adjacent the N+ implant. Therefore, a constant
potential level extends across the channel from the vi-

cinity of channel stop 202 to the vicinity of channel stop
204. |
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In the structural arrangements of both FIG. 2 and
FIGS. 1 and 14, it is desirable to provide a fixed “‘mini-
mum” length for the smaller of the “plus” or the. ‘“mi-
nus” sections of each individual first said split gate elec-
trode of any given transversal filter, and to provide a
properly weighted length for the larger of the “plus” or
“minus” section of each first-set split gate electrode in
accordance with the particular design characteristics of
~ that given filter. The reason for doing so is that it results
in the minimization of unwanted capacitance of the
“plus” and “minus” sections of the split gate electrodes.

3

10 while the other potential well end is effectively a

6

The primary benefit of Applicant’s invention of re-
quiring only a single different mask for each transversal
filter of different particular:design characteristics to be
fabricated, is preserved by the structure of FIG. 3.
However, the secondary benefits of the embodiment
shown 1n FIG. 2 are partially lost in the embodiment of
F1G. 3, as indicated by FIG. 3a. As shown in FIG. 34,
of a *“plus” or a “minus” potential well is poorly defined
by a channel stop edge, as is the case in FIGS. 1 and 1g,

- sharply ‘defined N+ implant edge, as 1s the case in the

In the structure shown in FIGS. 1 and 1g, only the

portions of the lengths of the “plus” and “minus” sec-
tions of the split gate electrodes which lie in non-over-
lappmg relationship with respect to the channel stop
regions 102 and 104 and the channel stop islands 110
contribute to the operation of the CCD transversal
ﬁlter However the entire lengths of the “plus” and
“minus” sections of the split gate electrodes contribute
to the unwanted capacitance thereof. In the structure
shown in FIG. 2, the entire lengths of the “plus” and
“minus” sections of the split gate electrodes contribute
to the operation of the CCD transversal filter. Because
no channel stops are émployed in the structure of FIG.
2, the “minimum” length of the smaller of the “plus” or
“minus” sections of the split gate electrodes can be
reduced in size relative to the “minimum’ length
needed in the structure of FIGS. 1 and 1a¢ (which must
overlap channel stops). This structural difference re-
duces unwanted capacitance and, in addition, reduces
the common mode szgnal at the inputs to the sense cir-
cuits. |

In the structure shown in FIG. 2, the electrical

contacts 226 of the “plus” and “minus” sections are

positioned to overlie active potential well charge-trans-
fer areas of substrate 200. This is not believed by Appli-
cant to be in an impediment. There are those who do
believe that the practice of placing an electrical contact
directly over a potential well produces an undesired
perturbation in the depth of the potential well formed
under such sections. The embodiment of the present
invention shown in FIG. 3 avoids this practice.

~ In the structure shown in FIG. 3, a channel defined
by channel stop regions 302 and 304 is divided into
substantially two equal width sub-channels by channel

15

20

embodiment.of FIG. 2.
It 1s not essential that the “plus sections overlap
channel stop 302 and the “minus” sections overlap

channel stop 328, as specifically shown in FIG. 3. How-

ever, ‘1t 1s essential to the embodiment of the present
invention shown in FIG. 3 that only one of the *“plus”
and the “minus” sections overlap a channel-defining
channel stop, such as either channel stop 302 or channel
stop 304 and the other of the “plus” and the ‘““minus”
sections overlap mid-line channel stop 328. The reasons
for this 1s that, in practice, it is not possible to perfectly

~ align masks. However, it is vital that any misalignment

25
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of masks not substantially affect the value of the differ-
ence beween the effective lengths of the “plus™ and the
“minus” sections of any split gate electrode of transver-
sal filter. Specifically, misalignment which results in a
decrease 1n the overlap of a channel stop by the “plus”
section of a split gate electrode must also result in a
substantially equal decrease in the overlap in the over-
lap of the “minus” section of that split gate electrode.

- Similarly, a misalignment which results in an increase in
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stop region 328 situated along the mid-line of the chan-

nel as shown in FIG. 3. Overlying the sub-channel
between channel stop 302 and 328 is “plus” section and
first CL section 308 of each first-set split gate electrode
306, with one end of each “plus” section overlappmg
channel stop 302 and one end of each first CL section
308 overlapping channel stop 328. An Nt implant is
situated within the split between a “plus” section and a
first CL section 308. Overlying the sub-channel be-
tween channel stop 304 and channel stop 328 is a “mi-
nus” section and a second CL section 310 have each
first-sets split-gate electrode 306, with one end of a
“minus’ overlapping channel stop 328 and one end of
second CL section 310 overlapping channel stop 304.
An N+ implant is situated in the split between each
“minus” section and second CL section 310. As shown

in FIG. 3, electrical contacts 324 of the first and second

the overlap of the “plus” section of a split gate electrode
must also result in a substantially equal increase in the
overlap of the “minus” section of that split gate elec-
trode.

What is claimed is:

1. In a CCD split electrode transversal filter operated
by multi-phase clock voltages, said filter being of a type
comprised of a semiconductor substrate surface on
which a pair of substantially equidistant potential barri-

- ers defines a CCD channel of a given width, gate elec-

trode extending said given width between said potential
barriers, said gate electrodes being arranged in respec-
tive sets corresponding to each of said multi-phase
clock voltages with the respective members of each set

~ being distributed along the length of said channel in

50

interleaved relationship with respective members of the

other sets, certain members of a certain one of said sets
each being split into a plurality of separated sections
arranged 1n serial order across said given width, a
“plus” summing bus electrically connecting together
first corresponding sections of the members of said

- certain one of said sets, and a “minus” summing bus

35

60

CL sections and the electrical contacts 326 of the “plus™

~ and the “minus” - section are situated over channel stop
302, channel stop 304 or channel stop 328, as the case
may be. In all other respects, the structure of FIG. 3 is
substantially similar to that of FIG. 2 and that of FIGS.
I and 1a.

65

electrically connecting together second corresponding
sections of said certain members of said certain one of
said sets; the improvement:
wherein said certain members of said certain one of
satd sets are split into four sections having respec-
tive extents such that (1) the sum of the extents of
the first and second sections in serial order is sub-
stantially one-half said given width of said channel
and (2) the sum of the extents of the third and
fourth sections in serial order is also substantially
one-half said given width of said channel,
first means including contacts for electrically con-
~ necting each one of a given pair of non-adjacent
ones of said four sections of said certain members
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of said certain one of said sets to solely that one of
the multi-phase clock voltages correSpondlng to
said certain one of said sets,

second means including contacts for electrlcally con-

nectlng first corresponding ones of the remaining
pair of said four sections of said certain members of
said certain one of said sets to said “plus” summing
bus, and -

third means including contacts for electrically con-
necting second corresponding ones of the remain-
ing pair of said four sections of said certain mem-
bers of said certain one of said sets to said ° I'[llIlllS
summing bus.

2. The filter defined in claim 1,

wherein one end of the first section of said certain
members of said certain one of said sets is situated
contiguous to one of said pair of potential barriers
and one end of said fourth section of said certain
members of said certain one of said sets is situated
contiguous to the other of said pair of potential
barriers,

wherein one end of the second section and one end of
the third section of said certain members of said
certain one of said sets are situated contiguous to
the mid-line of said channel, which mid-line divides
said given width in half,

wherein the respective positions of the other ends of
said first and second sections and the other ends of
said third and fourth sections of each certain mem-
ber of said certain one of said sets varies from one
certain member to another in dependence on the
particular design characteristics of said filter, and

wherein said contacts of said first and second and
third means have fixed predetermined positions on
the respective four sections of each certain member
of said certain one of said sets, which fixed prede-
termined positions are independent of the particu-
lar design characteristics of said filter.

3. The filter defined in claim 2,

wherein said first means is electrically connected
through its contacts to said first and fourth sections
of each certain member of said certain one of said
sets, saild second means is electrically connected
through 1ts contacts to one of said second and third
sections of each certain member of said certain one

of said sets, and said third means selectively con-

nected through its contacts to the other of said
second and third sections of each certain member
of said certain one of said sets,

wherein said semiconductor substrate, at least in the
vicinity of said substrate surface, 1s doped with
carriers of a given conductivity, and

wherein the respective separations between adjacent
pairs of said sections of each certain member of said
certain one of said sets define respective gaps, said
gaps being implanted with carriers of a conductiv-
ity opposite to said given conductivity in sufficient
concentration to form respective PN junctions
with said substrate at said gaps.

4. The filter defined in claim 3,

wherein said one of said pair of potential barriers
comprises a first channel-stop region at said sub-
strate surface and said other of said pair of potential

barriers comprises a second channel-stop region at

said substrate surtface,
wherein each end portion including said one end of
the first section of said certain members of said

d
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8

‘certain one of said sets overlies said first channel-

. stop region and each end portion including said one
- end of the fourth section of said certain members of

said certain one of said sets overlies said second
channel-stop region, and

wherein said contacts of said first means are posi-
tioned on said respective end portions of said first
sections and said fourth sections of said certain
members of said certain one of said sets.

5. The filter defined in claim 2,

wherein said one of said pair of potential barriers
comprises a first channel-stop region at said sub-
strate surface and said other of said pair of potential
barriers comprises a second channel-stop region at
said substrate surface,

wherein each end portion including said one end of
the first section of said certain members of said
certain one of said sets overlies said first channel-
stop region and each end portion including said one
end of the fourth section of said certain members of
sald certain one of said sets overlies said second
channel-stop region,

wherein said channel includes a third channel-stop
region situated half-way between said first and
second channel stop regions along the mid-line of
said channel for dividing said channel into a first
sub-channel situated between said first and third
channel-stop regions and a second sub-channel
situated between said second and third channel-
stop regions,

wherein each end portion including said one end of
said second section and each end portion including
said one end of said third section of said certain
members of said certain one of said sets overlies
said third channel-stop region, and

wherein said first means includes contacts positioned
on the respective end portions of said first and third
sections, said second means includes contacts posi-
tioned on the end portions of the same given one of
said second and fourth sections, and said third
means include contacts positioned on the end por-
tions of the other one from said given one of said
second and fourth sections of said certain members
of said certain one of said sets.

6. A CCD split gate electrode transversal filter in-

cluding:

at least one triple-split gate electrode comprised of
four serially-oriented longitudinal sections,
wherein the sum of the lengths of the first two
sections in serial order is substantially equal to the
sum of the lengths of the last two sections in serial
order,

first means for operating two non-adjacent ones of
said four sections as solely clock sections, and

second means for operating the other two of said four
sections, respectively, as a “plus” section and as a
“minus” section of said filter.

7. The filter defined in claim 6,

wherein said first means operates the first and the
fourth ones of said four sections in serial order as

solely satd clock sections.

8. The filter defined in claim 6,

wherein said first means operates the first and third
ones of said four sections in serlal order as solely

said clock sections.
% 2 - - % -+
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